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CHAIRMANH. J. QUAYLE: The mealy-bugs are probably more in-
fluenced by the wind.

L. P. ROCKWOOD: Are wind barriers of any use in preventing the·
spread?

CHAIRMANH. J. QUAYLE: Yes, but they might have to be very
high as red spiders have been caught on a tank tower 50 feet high.

The next paper will be presented by Mr. L. P. Rockwood.

SPOROTRICHUM GLOBULIFERUM SPEG., A NATURAL
ENEMY OF THE ALFALFA WEEVIL.

By L. P. ROCKWOOD, U. S. Bureau of Entomology, Forest Grol1e, Oregon

The parasitism of insects by the fungus known at present as Sporo-
trich1lm globuliferum 8pegazzini, although at one time seriously ques-
tioned and even denied by eminent mycologists, is now generally ac-
knowledged. That this fungus is probably the most efficient natural
enemy of the chinch bug, Blissus leucoptenls, under conditions favor-
able for its growth and spread, is well known. However, very little
data has appeared as to the occurrence of the fungus as a natural
enemy of insects other than the chinch bug. We have long lists of
insects of various orders recorded as furnishing a sub-stratum for the
growth of this fungus, but few or no observations of the fungus as a
factor in the natural control of these insects.

This fungus has come under my observation in connection with
various insect hosts both in the field and laboratory at various times
during the past two years. Its relation to the alfalfa weevil, Hypera
variabilis (posticus) Hbst., in Utah ir: 1914, is dealt with briefly in this
paper.

OCCURRENCE OF THE FUNGUS ON THE ALFALFA WEEVIL

The fungus Sporotrichum globuliferum Speg., was first found on the
alfalfa weevil near Salt Lake City, Utah, on March 14, 1914. It was
frequently met with and could easily be found on weevils and other in-
sects under alfalfa plants from that time until May. This was a time
of considerable precipitation and the ground in alfalfa fields was moist
to wet most of the time. The time of greatest abundance of the fungus
was April 21 to 29. At this time at least one weevil killed by the fun-
gus could be found under almost every plant examined. On April
29 this was particularly true. On this date 11 weevils killed by the
fungus were found under one alfalfa plant covering an area of about
four square feet on a high bank outside the irrigated area.

This early mortality of weevils caused by Sporotrichum globuliferum
is undoubtedly of considerable importance as the death of the adults
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at this time, before and during oviposition, helps to reduce the dt>-
structive new generation of larVal. No other natural enemy of likp
importance was observed at this season. In the early spring, the op-
timum conditions for the growth of the fungm; are likely to be found in
'all the alfalfa fields on the East Bench of old Lake Bonneville regard-
less of the irrigation practice. The ground-frequenting habits of the
weevils at this time, the season of mating on the ground under thp
early low growth of alfalfa, especially expose them to infection by fre-
quent contact with the bodies of insects covered with the spores of the
fungus.

Later in the season when thc spring rains have ceased, the fungus
seems to be restricted to fields which are generously irrigated and have
a heavy close stand of alfalfa. One such field was examined on July
29 and 28 weevils with a pure growth of Sporotrichum were picked up in
a short time. Such mortality at this late date is of slight impoitance,
however, as this is the time when the over-wintered adults are dying
off naturally. Yet it is worthy of note that this field for which a gen-
erous water supply was available and which was therefore lavishly
irrigated has never been seriously injured by the weevil; at least so
the rancher informed me, and I was inclined to believe him as it was
certainly unusual for a "(;tah farmer to deny injury from the weevil.
The fungus was observed in this field in abundance on ~eptember 10.
Other insects killed by the fungus, notably ,'htones sp., were also abun-
dant in this field.

A spontaneous outbreak of the disease occUI'red among weevils of the
new generation in a rearing cage at the laboratory about November
17 and caused a high mortality. :Many weevils also died of the disease
in an outdoor hibernation cage during the fall and early spring.

THE FUNGUS

The fungus on Hypera variabilis (posticus) Hbst. was determined as
Sporotrichum globul1jerum Speg. by Dr. Flora W. Patterson, Mycol-
ogist of the Bureau of Plant Industry, U. S. Dept. of Agriculture.

The fungus is probably distributed ~)Verall of the Americas and hal"
been recorded as found on the bodies of insects of several orders.

The macroscopic appearance of the fungus on weevils varies with
the conditions under which the exterior growth of the fungus devel-
oped. In a confined dark cage with little or no ventilation, the fungus
usually completely envelops the weevils in a loose, fluffy, cottony
growth of fungus mycelium in the outer strands of which the scattered
balls of spores are developed, the balls being usually separated from
each other by an appreciable distance. Weevils partially buried in
moist locations in the debris under alfalfa plants in the field also often
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show this fluffy, cottony growth which sometimes spreads out over the
rotting debris: to an area of one half inch or more. Under the usual"field
conditions or in well ventilated, well lighted cages, the fungus forms a
dense felted mass, usually confined to the elytral, thoracic, and ab-
dominal sutures, which are often completely outlined by the white
bands of the fungus mycelium. Upon this short felted growth of
mycelium, the balls of spores appear densely packed together. Old
specimens of the fungus assume a well-defined cream color.

It was found by experimentation that the macroscopic appearance
of the fungus on weevils killed by mechanical or chemical means before
exposure to the fungus presented a relatively different 'appearance from
that on weevils killed by the fungus, In the case of weevils killed before
infection, the fungus appeared as a very thin, long, loose, cottony cover-
ing, almost cloudy in appearance, nowhere localized in a thick mass.
Moreover, in all such cases, contamination of the typical fungus with
the well known saprophytic fungi of the genera Penicillium and Mucor
invariably occurred under the somewhat septic conditiOJ:'lsincident to
the experiment. Weevils killed by the fungus always developed a
pure dense growth of the typical fungus, and saprophytic fungi never
developed upon them until after the parasitic fungus had matured and
disintegrated. Weevils killed by the fungus are usually found in a
life-like attitude with legs and antennre extended as if death overtook
them suddenly while on the move.

LABORATORY EXPERIMEN'l'S

No cultures of the fungus in artificial media were attempted, Spore
germination studies by the hanging drop method in Van Tieghem cells
were made for the pm'pose of gaining information for the better in-
terpre~ation of dissections and blood examinations. The formation
of the so-called" cylinder-gonidia" of DeBary1 were thus studied and
later identified in the blood of infected weevils.

Several infection experiments with S. globuliferum on H. variabilis
(poslic1lS) were carried on in the laboratory at different times, always
with 90-100 per cent mortality from the fungus. The infection cages
varied from tightly closed tin tobacco boxes with bottom layers of
moist sand 01' garden loam on which the weevils and their food were
placed, to open glass battery jars on the bottoms of which was placed
moist sand or garden loam to a depth of one-half inch to three-fourths
inch, the food and weevils being then introduced and the jars closed
with cheesecloth tops, thus allowing the air free access to the interior
of the cage. These cages were moistened from time to time as they

I DeBary, A.: Comparative Morphology and Biology of the Fungi, Mycetozoa
and Bacteria, p. 372 Oxford.
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dried out, and fresh alfalfa was supplied as necessary. All cages were
placed in a conservatory having two walls glassed in and connected
with a room of the laboratory, thus insuring more light and circulation
of air than is ordinarily found indoors. All cages were disinfected
before usc hy being washed in 20 per cent carbolic acid and rinsed in
tap water. Infeetion was, with the exception of the first experiment,
by introduction into the eages of inseets showing well developed fruit-
ing fungus. Alfalfa not eaten by weevils was allowed to accumula1:e as
debris ill the bottom of the cages.

:\Iarch 23: Five weevils were infected by contact with a fungus-covered weevil in a
moist chamber for 2 hours. They were then placed in a battery jar cage partially
filled with moist sand and alfalfa was introduced as food.

April::!: Oue weevil dead.
April 7: Second wccvildead.
April (): Third weevil dead .
.\prillO: Fourth weevil dead.
April 2.5: Fifth weevil dead.
All developf'd a pure growth of Sporotrichum globllliferwn within two to thrpe

days of dpat h.

EXPERnmNT II

:\larch 2.5: ThirteCll weevib were placed in a small vial with a fuugus-covered
weevil and left in a moist chamber for 4 hours. The weevils were then placed in a
tight tin tobacco box partially filled with moist sand. Alfalfa was placed in the cage
as food. Later a weevil showing a good growth of fungus was placed in this cage
under the alfalfa.

March 30: Three weevilHdead, 2 from fungous disease; 1 from unknown cause .
.\pril 3: One more weevil dead. A living weevil which seemed to be ailing was dis-

sected. The blood of the abdomen contained several fungus hyphre of various
lengths. The blood of the thoracic region showed more numerous fungus hyphre
and these were generally longer and further advanced than those in the abdomen.
Incipient branching of the hypha: was observed iu several cases. Fungus bodies
practically identical with thc "cylinder-gonidia" observed in Van Tieghem cells
were observed in the blood.

April 6: Contents of cage were examined. Found 12 dead weevils .
.\11developed typical fungus, except the weevil noted March 30 as dead from un-

known canse.

EXPERIMENT III

.~pril .5: Twelve weevils were placed in a tobacco-box cagc with a fungus-oovered
~pecimcn. :\Ioist sand and alfalfa were used as in Experiment II.

April 6: One weevil dead of fungus. This weevil was probably infected when col-
leded.

April 8 and 11: One weevil was dissected on each date without finding signs of
fungus.

April 1.5: All weevils dead .
.\priI21: All (Ieveloped typj('al fungus except the two dissected.
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EXPERIMENT I V

April 7: Twenty weevils were placed in a tobacco-box cage as before with moist
sand.

April 8: One weevil dead from unknown cause. One living weevil was dissected
hut no signs of fungus were seen.

April 15: Two weevils dead.
April 1(); An enfeebled weevil was dissected. The abdomen and thorax were

well supplied with fungus hypha' varying from" cylinder-gonidia" to long, consid-
erably branched hyphle.

April 18: A dead weevil showing no exterior growth of fungus was dissected. The
hody was found to be pa'cked with a reddish-brown mass of fungus hypha'.

,\priI20: All weevils dead but one.
April 21 : Last weevil deacl.
All not dissected developed typical fungus.

EXPERIMENT V

..\pril 16: Fifty weevils were placed in glass battery-jar cage, the bottom of which
was covered with garden loam. The cage was infected by placing in it 4 fungus-
covered specimens.

April 21: Twenty-five more weevils placed in this cage .
.~pril28: Weevils dying in numbers.
:\lay 7: All weevils dead.

EXPEIW\UJNT VI

:\lay 8: Thirty weevils were placed in a battery-jar cage with garden loam as
before. The cage was infected by the introduction of several fungus-covered spec-
imens.

May 18: All but 3 dead.
:\fay 20: All deacland all developed typical fungus.

EXPERIMEXT VII

Aug. 7: Twenty-two weevils reared from pUPa' about July 15 were placed in a
battery-jar cage with moist sand. Cage was infected by introducing several fungus-
covered specimens

Aug. 20: Several weevils dead .
.~ug. 31: A few still alive.
Sept. 18: Four weevils still alive.
Oct. 13: Last wecvil dead .
.~ll developed typical fungus.

Exptm:I\H:NT VIII

Sept. 30: Fifty weevils collected from a ditch bank, were placed in a battery-jar
cage with moist garden loam; infection brought about as in previous experiment.

Oct. 14: Three dead.
Oct 20: Many dead and showing fungus.
Xov.4: Forty-five weevils dead of fungus, 4 weevils alive, 1 lost.
Xov. 18: One weevil still alive.
~ov. 20: Dissected the last living weevil. Found a few scattering Sporotrichum

"cylinder-gonidia" in the blood. Most of them were of irregular or indistinct out-
line as if undergoing cytolysis.

This cage contained 47 weevils dead and showed typical exterior growth of S.
globuliferum, 1 weevil dead with body filled with the hyphm of the typical fungus, 1
weFyilwith growth of Aspergillus sp., probably dead from some other cause.
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CHECK TO EXPERIMENT VIII
Sept. 30: Started cage of 50 weevils under exactly similar conditions to Experiment

VIn except that no fungus was intentionally introduced.
Nov. 25: One dead of S. globuliferurn.
Dec. 18: Forty-five living weevils, 3 dead (2 of S. globuliferum), 1 lost, 1 killed b); S.

(Jlobuliferun~rernoved.
Note: No Sporotrichwn appeared in this cage until 2 months after starting experi~

ment.

SUMMARY OF INFECTIO~~ EXPERIMEN'l'S.
In the early experiments when tight, unventilated tin boxes were

used, complete mortality from the fungus disease occurred within two
weeks, in the case of Experiments II and III in 12 and 10 days respec-
tively. Conditions were of course optimum for the growth of the
fungus and very unnatural for the weevil.

In the early battery-jar cage experiments under supposedly le88
favorable conditions for the growth and spread of the fungus, almost
as good results were attained, the majority of the weevils cl'ying of the
disease within ten days to two weeks. In the case of Experiment VI,
where the weevils were less crowded than in any experiment but Ex-
periment I, all died in 12 days. In the case of Experiment I where
conditions most closely approached those in the field in the proportion
of the number of w.eevils to the area of the cage, a som~what longer
time was necessary to kill 3 of the 5 weevils, namely 17, 18 and 33 days
respectively. The last weevil to die in this cage probably either ('8-

caped or'conquered the first infection which in this case was attempted
by a short exposure to the fungus spores followed by isolation in a clean
cage,

In the later experiments with weevils of the new generation, consid-
erable resistance to the fungus developed. At this time a majority
of the weevils were' killed in 3 weeks, but often several were able to
survive for one or two months. Some of this difference in mortality
between the two seasons may possibly be attributed to the fact that
the cages dried out faster in mid-summer and fall, so that often the
sand or dirt in the cage became almost bone-dry before this conditioll
was rectified by sprinkling the interior of the cages. However, dis-
sections and blood examinations of some of the weevils from these
cages indicated that some individual weevils were more or less immune
at this season. This immunity is deduced from the cytolytic phenom-
ena observed in the blood of the weevil dissected under Experiment
VIII.

It may be of interest to note in this place that Hypera adults appear
to be rather resistant to the well-known entomogenous fungus Met-
arrhizium am'soplim Sorokin. Laboratory attempts to infect weevils
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with this fungus obtained from Elaterid larvffi from Hagerstown, Md.,
through the courtesy of Mr. J. A. Hyslop of the U. S. Bureau of En-
tomology, showed less than 50 per cent mortality from this fungus
after nearly three months' exposure to the fungus under conditions
exactly similar to those of the Sporotrichum experiments. Moreover,
it took almost a month to kill the first two weevils by means of this
fungus.

CONCLUSION
The entomogenous fungus, Sporotrichum globuliferum Speg., de-

velops spontaneously as an infectious disease of the alfalfa weevil,
H ypera variabilis (posticus) on the bench lands of the Salt Lake Valley
in the early spring. Infection experiments show the weevil to be very
susceptible to fungus infection at this season, a complete mortality
from the fungus being secured in breeding cages in usually two weeks'
time. The ground-frequenting habits of the alfalfa weevil at this
season render it particularly liable to infection from contact with
fungus-covered insects.

The new generation of weevils is less susceptible to the fungus during
the periods of restivation. and hibernation in the summer and fall.
Moreover favorable conditions for the growth and spread of the fungus
are unlikely to occur in Utah at this time.

The period of greatest mortality from the fungus disease, coinciding
as it does with a period of great potential injury from the pest, namely,
the oviposition period, makes the fungus worthy of record as a natural
enemy of the alfalfa weevil.

H. S. Sl\1:ITH: Does the fungous disease attack only the adult
weevils?

L. P. ROCKWOOD: The larvro and pupro are also attacked but
because they are usually on the leaves and tops and not on the damp
ground they seldom become infected.

DR. E. G. TITUS: There are about 30 hosts attacked by this
fungus, but in no case has it been noticed to be of economic importance
though under observation since 1910.

H. S. SMITH: There is a fungus which works very effectively on the
alfalfa weevil in Italy, attacking the larvffi.

L. P. ROCKWOOD: Sporotrichum is very widely distributed and is
of more importance than it is usually credited with.

CHAIRMANH. J. QUAYLE: The next paper by Mr. Asa Maxson
.will be read by the secretary.
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